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The complete -hp- Model I80A Oscilloscope system includes plug-ins, a new 
scope cart, new probes, viewing hoods, camera adapters and the -hp- Mattel 
I97A Oscilloscope Camera. Both the cabinet and rack mount versions of the 
oscilloscope are shown here. 



A NEW DC-50+ MHz TRANSISTORIZED OSCILLOSCOPE 
OF BASIC INSTRUMENTATION CHARACTER 

A small-size portable oscilloscope with negligible 
trace drift and using plug-ins has been designed as the 
keystone of a complete oscilloscope system. 



I^OMPLEX WAVEFORMS encountered in 
computer systems, of the type shown 
in Fig. 1. are difficult to sec on all bin 
the most sophisticated, high-frequency 
oscilloscopes. These instruments have 
been large ami usually heavy and awk- 
ward to handle. They are not suited 
for work in limited space often found 
in and around computers, especially 
shipboard and aircraft installations. 

While solid-state devices have re- 
duced the si/e and weight of high fre- 
quency oscilloscopes, the goal of a com- 
pletely solid-state, lightweight, high- 
liequen<\ laboratory oscilloscope has 
not been achieved because of the lack 
of suitable cathodc-rav tubes and trail- 



Fig. 1- Pulse trains of the type shown 
here are comparable in complexity In 
those found in computer circuitry. 
These are 100-hHz pulses with SO MHz 
riding on top. Uttng the mixed delay 
feature of the -hp- Model IHOA Oscil- 
loscope, the waveform (right half of 
photo) if expanded 350 times. 



sistois. Cathode -ray tubes used in cur- 
rent high-frequency oscilloscopes pro- 
vide adequate electrical performance, 
but are not suitable for compact gen- 
eral-purpose oscilloscopes because of 
their length or lack of sensitivity. 

Until recently, solid-state devices 
adequate tor use in input stages and as 
CRT drivers in low power drain cir- 
cuits have not been available. Present 
■ Icl.n line designs are too large or too 
heavy to lit into a small Space. 

Now. a new, portable 50-MHz oscil- 
loscope has been designed which com- 
bines all of the latest technical ad- 
vances into a sophisticated, laboratory 
ty jjc insuumeuti Fig. 3. The oscillo- 
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Vertical Sensitivity = 0 005 V/CM 



Vertical Sensitivity = 0.005 V/CM 



— 1 CM Vertical Display/Inch 
K — H 



1 Inch/Hour 



fa) 



1 CM Vertical Deflection/Inch 
1 Inch/Minute 



(b) 



Fig. 2. All-solid-slate design results in excellent stability. Willi the input dc 
coupled, the oscilloscope maintains- stability over a 9-hour period nf less than 
0.1 cm. la) After cold turn -on, the oscilloscope stabili-es in about S minutes I lit. 



scoiie in all solid slate except for the 

CRT Although lightweight and com- 
pact, the scope has performance char- 
acteristics equal to oi surpassing those 
Oi the larger conventional high lie 
quency oscilloscope^. A short cathode- 
rny tube with an 8 x 10 cm viewing 
screen, about double the screen area 
of tin rent portable oscilloscopes, is an 
important feature. High writing rate, 
outstanding triggering capability, 
nearly instant turn-on with very low 
drift arc among the other noteworthy 
accomplishments. 

The all solid-state circuitry reduces 
power dissipation thus eliminating the 
need for a cooling fan. This not only 
reduces the weight of the instrument 
but also allows operation at power line 
frequent ies from r >() to I'll Ml H/. 

Maximum flexibility and protection 
against obsolescence is provided by the 
use of dual plug-ins. Only the CR I 
beam controls and the horizontal am- 
plifier and power supplies arc bufll 
into the main frame. Performance of 
the oscilloscope is limited only by the 
performance limitations of the CRT 
and horizontal amplifier. These limits 
are w'cll beyond the specified ">(i-MH/ 
bandwidth of the scope, so that the 
bandwidth of the scope may be ex- 
tended as upgraded plug-ins become 
available. 

Among the accessories thai make up 
a complete oscillosco|>c system arc a 
new scope cart, viewing hoods, new 
probes and a iicwh designed nscillo 
scope camera. Three plug ins are pres- 
ently available — one vettical unit and 
two horizontal sweep plug-ins. 



TRIGGERING CAPABILITY 

Exceptional triggering performance 
ol the Oscilloscope is reali/ed because 

the vertical amplifiers an- designed to 

gel ,i faithful, stable vettical signal into 

the horizontal sweep circuit. Fig. 1(a) 

shows a Inn Mil, sine wave locked us- 



ing external sync 
bilii\ is demousti 
a 711 Mil/ signa 
Triggci ing s[>ec ifi 
the i oinbin.uion 
islics of I he s\nc 
lical plug-in, and 

oi the horizontal 



Intel n il sync capa- 
ated in Fig 1(b) with 
ii about 7-mV input, 
i .ii ions depend upon 
of output character- 
amplifier of ihe ver- 
ihe n igger sensitivity 
system. 




Fig 3 The Irani panel nj the oscilloscope, thoicn here 
'» actual size, is slightly shorter than this page height 
ami slightly narrower than this page width. Controls 
are clearly marked and arranged so they are not ob- 
scured by cables. Plug-ins are in the lower half of this 
cabinet version, with CUT beam controls and horizon- 
tal amplifier controls in the upper half. 
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(a) 



VERTICAL STABILITY 



Solid-state components used in the 
vertical system have resulted in a great 
improvement in stability and reliabil- 
ity. A reduction in heal generated 
within the instrument and the use of 
low temperature coefficient compo- 
nents provide unusual long term sta- 
bility. Fig. 2(a). The time required to 
stabilize aftei cold tuiti on is only 
about 8 minutes, as shown in Fjg. 2(b). 

VERTICAL PLUG-IN 

Design of the vertical amplifiers was 
aimed at providing excellent stability 
and reliability with nearl) instant turn- 
oil, while maintaining lull bandwidth 
at each attenuator position wiihoui 




trace jump. A good internal trigger to 
the horizontal amplifier had to be 
maintainedi 

The key to the attenuatoi design has 
been the careful placing of compo- 
nents. Each twelve-step attenuator con- 
sists ol two sections using a combina- 
tion of decades rather than 12 discrete 
steps. Components are saved and con- 
Mi in l ion is simplified. 

Since the attenuator is at the ampli- 
fier input. Tig. ">, the amplifier has been 
designed with constant gain. Trace 
jump i a used b\ swih hing ranges using 
interstage attenuation is eliminated. 
Ml ol the amplifier specifications are 
the same regardless of the sensitivity 
selling. Maximum sensitivity is 0.005 



Fig. 4. Using external sync, a 100 
Mil; sine wave is displayed (a). With 
internal triggering, a 70-MHz sine 
nine 'I') may be hiked in. showing 
exceptional triggering eapabiiily. 



V cm. 

Vernier and calibiation controls are 
placed in the middle of a cascode am- 
plifier. Thus they control signal cur- 
rent instead ol signal voltage and do 
not alien feedback capacity, thereby 
minimizing changes in vertical ampli- 
fier response. 

Field effect transistors at the ampli- 
fier inputs give high impedance, good 
bandwidth and prov ide the quit k t uni- 
on capability. By replacing nuvistois 
with PET'S, a total Of about 21 i, watts 
ol power was saved. Dilicrculial pairs 
are mounted on the same heal sink to 
keep them in the same thermal envir- 
onment. In some places, dual transis- 
tors are used to gel good tracking. For 



SHORT, LARGE SCREEN, HIGH-FREQUENCY CRT 



Fitting a cathode ray tube into a port- 
able 50-MHz oscilloscope presents both 
electrical and mechanical problems. 
Needed was a relatively short tube with a 
large screen, with sufficient brightness at 
the high writing rates encountered in high- 
frequency scopes, a small spot size, with 
a deflection factor low enough to be driven 
with solid state circuitry. 

The search for a short tube with all 
these characteristics resulted in the de- 
velopment of a version of the radial-field 
mesh tube. In the radial-field mesh tube, 
a spherical, high transmission mesh is 
placed so its center of curvature in rela- 
tion to the deflection plates is such that 
there is a force acting on the beam to 
magnify or expand the display. Display 
magnifications of up to 20% horizontally 
and 10 to 40% vertically are typical. How- 
ever, the conventional radial-field mesh 
tube must be relatively long for proper 
performance. 

The new CRT is also a mesh tube, but 

;'Tne RM.al Field CathMe-Rjy Tub!.' 'HeoUttPaekard 
laurail,' Vol. 15, No. ], Sept.. 1963. 



the helix is eliminated, and the mesh is 
not spherical but more highly contoured 
to provide a higher degree of magnifica- 
tion of the display. The mesh contour is 
designed to provide proper linearity char- 
acteristics of the display. 

Along with the large screen display in 
the short tube, a modest improvement in 
spot size and writing speed was obtained. 
Vertical deflection factor is about equal 
to that of the conventional radial field 



tube and the horizontal deflection factor 
has been improved by about 25%, 

Screen size of the CRT is 8 x 10 cm. 
with a length of 17 inches, accelerating 
voltage is 12 kV. vertical deflection factor 
is 3 V/cm, horizontal deflection factor is 
9 V/cm. Spot size at 200 foot-lamberts 
brightness is typically 14 mils at the cen- 
ter and edge. Horizontal sensitivity Is 
maintained over a bandwidth higher than 
150 MHz. 

An auxiliary tungsten filament cathode, 
called a flood gun, is used to provide a low 
level of background illumination so that 
graticule lines are visible in photographs 
and in low ambient light situations. A 
positive voltage is applied to the mesh 
causing electrons to be drawn to it from 
the flood gun. Some of the electrons pass 
through the mesh and are accelerated to 
the phosphor screen providing uniform 
background lighting. This eliminates the 
need for multiple exposures when taking 
photographs. Intensity of the background 
light is controlled by adjusting the tem- 
perature of the flood gun filament. 
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Fin- 5. Input amplifiers in Ihr dual-channel vertical plug-in use field 
e fject transistors and inputs are balanced. Attenuators are at the ampli- 
fier inputs to eliminate trace jump when switching ranges. Vertical 
amplifiier controls are shown in this block diagram. 



I he highest reliability, the design uses 
all silicon devices except for one ger- 
manium diode needed for saturation 
protection. All of the passive compo- 
nents arc premium quality with low 
temperature coefficient. 

DC SWITCHING 

Long shafts to switches and long 
leads were eliminated by going to dc 
swiu hing of signals in the vertical am- 



plifier. Signals are brought directly to 
the poini where the\ are needed, then 
switching is performed by turning di- 
odes on and off. An example is shown 
in the simplified schematic of polarity 
switching, Fig. (i. Every front panel 
function except sensitivity and calibra- 
tion is accomplished in this way. there- 
by reduc big interference and making 
the plug-in more accessible lor service. 




Fig. 6. Polarity of the input to the vertical amplifiers is switched by 
switching diode gates. In the 'up' or + position, diodes I),. I),, I)- and 
D. are turned on while D : . D.. D. and I), are reversed biased. The signal 
path is across I),, D : , and D-. D.. Reversing polarity reverses the bias. 
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Fig 7. Typical bandwidth plot of the 
-hp- Model 1801 Dual Channel Ver- 
tical Amplifier. Deflection factor is S 
mV/cm over the specified bandwidth. 




Fig. 8. A pulse with less than 7 ns rise 
time illustrates the bandwidth capa- 
bilities of the scope. 



One ractor in assuring good sync is 
a type ol b.dun amplifier circuit at the 
Output of the sync amplifier which con- 
verts the dillerential output to a single- 
ended output. Previous methods of 
making ibis conversion resulted in cut- 
ting amplifier gain about in half. The 
method used here makes the conver- 
sion without loss of gain, and with 
stable dc operation at the full band- 
width of the amplifier. 

Bandwidth of the vertical amplifiers, 
Fig. 7. is dc to above 50 MHz, direct- 
coupled and 2 Hz to above 50 MHz ac 
coupled. Rise time is less than 7 ns, 
Fig. 8. 

HORIZONTAL SWEEP PLUG-IN 

I wo horizontal plug-ins have been 
designed for the new oscillosiope ini- 
tially. One is a sweep delay unit cover- 
ing a main sweep range from 0.1 /js/cm 
to I s/crn, shown at the right in Fig. 9. 
The other unit is a simplified version 
containing Only one sweep generator, 
I in covering a wider range from 0.05 
,,s cm to 2 s/cni. 

In the sweep delay plug-in. the main 
sweep is also the delaying sweep. The 
delayed lime base sweeps after the dc- 
I i\ is set by the main sweep and delay 
controls. In a delayed sweep system, it 




© Copr. 1 949- 1 §98^ Hewlett-Packard Co. 



- ■ ■. o 



O <» 1 ■•(! 




Fig. 9. Controls on the plug-inn are grouped according to function. 
Vertical amplifiers are in the plug-in at the It-It and channel con 
trols are arranged vertically With the display control in the center. 
The horizontal sweep plug-in at the right includes sweep delay. 



is not consistent to have the delayed 
sweep run slower thai) the delaying 
sweep, since the purpose of the system 
is to magnify a waveform. Therefore, 
a mechanical interlock OR the sweep 
switch is provided so that this situation 
cannot exist. Delayed sweep ranges 
from 0.1 /cs/cm to 50 ms/cm in a 1, 2, 
5 sequence. With the vernier, the slow- 
est delayed sweep may be extended to 
about 125 ms/cm. An example of 
mixed delaying and delayed sweep is 
shown in Fig. 10. 

AUTOMATIC SWEEP 

An automatic sweep mode is in- 
cluded in the horizontal sweep plug-in 
which displays a base line in the ab- 
sence of an input signal. With no input 
signal, a free-running trace occurs and 
the base line position is always known. 
An input signal triggers the sweep 
automatically, and triggering can be 
chosen to occur at any level on a wave- 
form. 

VARIABLE HOLD-OFF 

Generally, pulse trains not related in 
time to any particular sweep rate ap- 
pear on most oscilloscopes as double 
triggering. This is because a conven- 
tional sweep circuit will synchronize 
on the first signal that occurs after the 
hold-off period. The first signal, how- 
ever, is not necessarily the first pulse of 
a train. 



A new feature called a variable trig- 
ger hold-oil has been incorporated into 
the simplified version of the horizontal 
plug-in. The sweep repetition rate is 
variable, allowing positive sync on the 
first pulse of any Haiti. Hold-olf be- 
tween sweeps can be increased to a 
longer period than the normal free- 




(al 



Fig. 10. Using the mixed delay feature 
o/ the horizontal plug-in enables the 
viewing oj details of 100-kHz pulses 
In fa), the delayed sweep is set to 
give a 1000 to I expansion of the wave- 
form. T wo waveforms may be dis- 
played using the alternate mode. In 
(b), the lower signal is 12 MHz and 
in ( c) the lower signal is 425 kHz. In 
both oscillograms, the trace at the 
right is expanded 20 times. 



tunning period, thus making it pos- 
sible to trigger on periodic wavefoims 
that may be complex and with periods 
different than the scope period. 

HORIZONTAL AMPLIFIER 

Although the CRT sensitivity is such 
that it can be driven by a single-tran- 
sistor Class A output stage, the method 
requires a great deal of power. A stand- 
ard Class A circuit in this application 
would need resistors rated about 5 to 7 
watts, and a high voltage power supply. 

With the availability of fast NPN 
and PNP complementary transistors 
capable of colleclor-to-eniitter voltages 
of 100 volts, it was possible to design 
an essentially Class B circuit that is 
faster and of much higher efficiency. 
Although the circuit requires more 
components and is more complex, a 
savings in weight and size is achieved 
by eliminating the high-voltage power 
supply and the large resistors, and re- 
ducing overall power consumption of 
the scope. 

I he use of a complementary transis- 
loi output siage in the horizontal am- 

plifiei permits it to operate from a 

relatively low supply voltage and give 
linear operation: The load is a com- 



rrrrrr 



mill 
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COMPACT, WIDEBAND, STRIPLINE DELAY LINE 



In oscilloscopes with about 10 MHz 
capability and above, it is necessary to 
delay the signal being observed before it 
is fed to the CRT vertical plates. This is 
so that the part of the signal that triggers 
the sweep will be seen on the display. 
Delay values are generally about 150 to 
200 ns. 

In this scope, the delay line must fit 
into a relatively small plug-in. Small heli- 
cally-wound delay lines are possible, but 
their bandwidth is limited. Cable delay 
lines are difficult to make In small pack- 
ages. The solution to this problem was a 
differential stripline. laid down on both 
sides of a copper-clad Teflon-glass sub- 
strate as shown in the sketch. The line is 
2 inches wide and 36.85 inches long and 
is rolled up. Delay is 160 ns, bandwidth 
is about 140 MHz. risetime is 2.5 ns and 
the line's characteristic impedance is 90 
ohms and is held constant along the line 
for clean pulse response. Weighing only 
16 ounces, the finished line fits into a 
space 6H x 1U x l*ti inches. 

Operation of the delay line can be ex- 
plained by the manner in which the fields 
interact because of alternating crossovers 
of opposing conductors as shown in the 
sketch. Currents in the two conductors 
flow in the same direction except for a 




very short distance where the conductor 
turns around The electric fields cancel 
because each conductor doubles back on 
itself. The magnetic fields add. When the 
conductors are very close, the total effect 
is the same as increasing the inductance 
of the line by a factor of four. Character- 
istic impedance is determined by the di- 
mensions of the conductors, the distance 
between them and the thickness and char- 
acter of the dielectric. Constants chosen 
here resulted in a Z.. of 90 ohms, a value 
for which current and power requirements 
are minimized, yet impedance is not so 
high that unwanted capacitance damages 
the line's performance. 

For a single-ended strip delay line, time 
delay T D is calculated from the formula 

To = s fZ ns/ft 
where s is the distance an electromag- 



netic wave travels in 1 nanosecond in a 
metallic conductor with permeability and 
dielectric constant equal to 1 (about 1 
foot), and •, is the dielectric constant of 
the substrate material. 

For a differential delay line of the type 
designed for this application, the formula 
is multiplied by a factor k, a function of 
the coupling between the conductors, and 
i, is the dielectric constant of the material 
separating the conductors. Then 

T D - ks \~ ns/ft 
If k can be made greater than unity, the 
length of the line can be reduced. The 
coupling coefficient k actually achieved 
in this delay line is about 1.95. Total con- 
ductor length for 160 ns delay is about 
51.2 feet. 

Time domain reflectometry was used 
extensively during design, and is used to 
determine performance of finished units 
and to detect faults. The exact location 
and nature of faults within the rolled-up 
differential delay lines can be revealed 
with TDR. Reflections are held to less 
than 1%. 

Besides resulting in a compact delay 
line, this design achieves a higher rise 
time in comparison with conventional 
units along with a high degree of uniform- 
ity in production. 



plementary transistor. Fig. II, biased 
at a low dc current to supply current to 
the feedback loop around the opera* 
tional amplifier and provide low fre- 
quency opeiation. A damp circuit 
working in conjunction with the feed- 
back loop keeps the output amplifier 
operating in its linear region. 

Another feedback connection. Z' ( ,„ 
between the CRT deflection plates 
helps maintain the average voltage on 
the plates. Changes in the voltage rela- 
tionship between plates will change 
sensitivity and affect accuracy. 

In the block diagram, each differen- 
tial amplifier feeds the input of an op- 
erational amplifier. For slow sweeps 
(low frequency signals), the oiierational 
amplifiers act normallv and drive the 
CRT deflection plates. As the input 
dV'dt increases. C, and C, couple in- 
creasing signals to the complementary 
load transistors Q, and Q,. W hile Q 
is driven harder to provide more c ur- 



rcnt to discharge the plate capacity . Q, 
is driven hauler to provide more cur- 
rent to I lie plates. During llvback. the 
process is reversed with Q : , and Q, 
driven harder while current through 
Q.,. and Q, decreases. 

During the X 10 expansion, the duty 



cycle is very low. thus average power 
consumption from the power supply is 
low. Also at the X l0 expansion, the 
circuit readily delivers a linear sweep 
speed of 5 ns/cm. This sweep speed is 
twice that previously attained. Its 
value, of course, lies in the resolution 



Fig. II. Complementary PNP 
and .VP.V transistors in the 
horizontal amplifier cireuit 
are fast with a high breakdown 
voltage. The circuit has high 
linearity, low power consump- 
tion and provides a high im- 
pedance source for driving the 
deflection plates. 
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Fig. 12. Various inputs to the gate amplifier are con- 
i ertetl to currents and added in a common-base amplifier. 



with which nanosecond rise time pulses 
may be analyzed. 

GATE AMPLIFIER 

For easier handling of the various 
input signals applied to the /-axis cir- 
cuits <>! the Oscilloscope, the designers 
(hose to convert voltage signals, In- 
cluding intensity, (hopped blanking 
and external inputs, into currents. 
These input currents are then added. 
Tig. 12. in a (ommon-base amplifier. 
Two advantages of this method are im- 
mediately obvious: first, there are no 
large voltage swings on the cabling 
within the scope, and second, the sig- 
nal cables operate at lower impedance 



levels — about 50 to 100 ohms. 
Since the input must accept signals 

of a greater dynamic range than the 

output can handle, ihere is a danger 
Of Overdriving. An amplitude limiting 
or 'dipper' circuit follows the input 
summer which maintains the same in- 
put pulse waveform in the region of 
interest. Gate pulse width and the same 
general shape are thus maintained to 
avoid saturation and possible time dis- 
tortion. 

Output circuit configuration is simi- 
lar to that of the horizontal amplifier. 
Power consumption was reduced from 
about 10 watts for a conventional Class 



A circuit to about 3 watts in this com- 
plementary configuration. 

Pulse rise time bandwidth of the 
gate amplifier is about 9 MHz. This 
matches the internal scope require- 
ments, and the same bandwidth is 
obtained through the external z-axis 
input. 

FRONT PANEL 

The new oscilloscope has a clean, 
uncluttered appearance. Controls are 
grouped according to function, Fig. 3. 
Grouped around the CRT screen on 
the upper half of the cabinet are the 
CRT beam controls, power switch, cal- 
ibrator outputs and horizontal con- 
trols. The lower module contains the 
plug-ins. with the vertical amplifier 
at the left and the horizontal sweep 
plug-in at the right. The plug-in re- 
lease latch is between the two plug-ins. 
Input ja< ks are arranged so that cables 
do not Obscure any controls. 

By positioning the knob pointers up 
and (entering the lever switches, the 
siope will be set to a calibrated, nor- 
mal and automati( state. In other 
words, a trace will appear which may 
be adjusted for optimum display of 
any partk ular signal. 

CONSTRUCTION 

When a large volume must be left 
open for plug-ins, main frame rigidity 
becomes a problem. In the new scope, 
the vertical and horizontal plug-ins. 
Whatever their variety, are connected 
el« trically and met hanically before in- 
sertion into the main frame. Thus they 





Fig. 13. Plug-ins are connected me- 
chanically and electrically before in- 
sertion intn the cabinet. 



Fig. 14. Latch pulls down making it 
easy to remove the plug-ins, 
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(a) (b) 
Fig. IS. All covers easily snap of] for servicing, (a). Open frame construction, tb) allows easy servicing 



form .1 single large plug-in which Com- 
bines with I he frame to form a light- 
weight, rigid structure, Fig. IS. The 
|>hig-in sheet metal is the between- 
c in nil shielding. Total weight of the 
siope with plug-ins is about 90 pounds. 

Formerly interconnections between 
vertical and horizontal plug-ins were 
made from eac h plug in through con- 
nectors On the main frame and back to 
the other plug-in. Direct connection 
between the plug-ins now reduces dis- 
tributed capacity and lend inductances. 
The high freipiencv triggering prob- 
lem is minimized bee a use of less rapaci- 
tive loading on i lie amplifier output. 
In this particular case, lead length was 
reduced by a factor of three. 

Vertical CRT deflection is controlled 
entirely by the left half of the plug-in 
unit which connects directly to the 
CRT" through its own connector. 
I hcrefore. since the interface occurs at 
the deflection plates, future vertical 
svstems will be limited by the capabil- 
ity of the CRT and not by a main 
Frame amplifier. Sensitivity of the CRT 
in this oscilloscope is maintained over 
a bandwidth of higher than 15(1 Mil/. 

The two-piece latch between the two 
plug-itl halves unloc ks the plug-ins and 
is used as a handle to remove them. 
Sliding the upper portion in the direc- 
tion of the arrow. Fig. 14, releases the 
lower part which can be pulled clown 
and used to remove the plug-ins. 

Power supplies in the main frame 
supply +100. +15, -12.C and -100 
volts. These voltages arc compatible 



With transistors and the CRT circuits. 
The CRT supply is -3000 and +9000 
volts. 

SERVICE 

Open frame construction makes cir- 
cuits and calibration adjustments eas- 
ily available for service. fig. 15. Since 



no fan is used, there are no fan filters 
to change. Natural convection is suffi- 
cient to insure stable, accurate opera- 
tion from — 28C to +G5C. 

The scope will operate in any posi- 
tion. Anti-slip feet are on the bottom, 
and plastic feet are on the back. Ami- 




V 

Fig. 16. New, lightweight scope cart 
is patterned after a camera tripod and 
has adjustments for tilt and height. 

' 9 • 
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ELECTRONICALLY-CONTROLLED OSCILLOSCOPE CAMERA 



A camera for use with the new -hp- 
Model 180A Oscilloscope is designed to 
enable an operator with little or no expe- 
rience in oscilloscope photography to ob- 
tain good oscilloscope photographs 
without guesswork or trial and error. An 
all-electronic shutter and a centralized 
control panel with color-coded controls 
are designed to eliminate the complexity 
involved in previous camera systems. 

Solid state circuitry and RC timing cir 
cuits replace the mechanical devices used 
for shutter timing in conventional camera 
shutters. This assures better accuracy at 
slow shutter speeds which are required for 
oscilloscope photography. Shutter speeds 
of this all-electronic camera range from 
1,30th to 4 seconds. A special high-trans 
mission lens was designed especially for 
this camera. 

The centralized control panel contains 
all of the necessary controls, and is con- 
veniently placed on the outside of the 
camera. There are no adjustments inside. 
The controls include shutter speed, f-stop, 
and graticule illumination. Terminals for 
remote operation of the shutter are pro- 



vided as well as output terminals from 
the shutter, which may be used to sync 
other equipment with the camera. 

Color coding of the shutter speed, 
f-stop and graticule illumination controls 
give optimum settings for most condi- 
tions. Setting the controls to the blue 
area will result in a good picture for most 
waveforms, or at least will give a good 
starting point for further adjustments. 

Graticule illumination is controlled by 
a variable-intensity ultraviolet lamp. This 
variable-intensity source excites the phos- 
phor on the face of the CRT causing it to 
glow, making the graticule lines show up 
black. The result is a picture with a grey 
background, black graticule lines and 
white traces whose crossings of the grati- 
cule lines can be easily seen. 

The ultraviolet lamp can be operated in 
a 'flash' mode selected by a switch on 
the panel. When the shutter is operated, 
the lamp will turn on for 1 second This 
feature is useful for recording very slow 
traces, or for single-sweep traces where 
the shutter must be open for a long time. 

Focus and reduction ratio of the cam- 



era are continuously adjustable, permitting 
optimum use of the camera with different 
camera backs and with any size graticule. 
The camera back can be rotated from its 
normal horizontal to a vertical position so 
that two smaller photos can be taken on a 
single film. The back also slides up and 
down through eleven detented positions. 




slip [eel were not placed on the ba< k so 
that, when the scope is being used lace 
up. it will slide if bumped lather than 
tip. These rear feet arc high enough v> 
that cables run free underneath. 

ACCESSORIES 

Adapted from a standard lommcr 
1 ial camera tripod, the new scojx: cart 
is light and collapsible. Fig. 16. 

Viewing hoods are new because of 
the rectangular ( !RT design. The oscil- 



losc ope is designed with an aluminum 
casting that holds the CRT in from 
the front. A short, black, molded plas- 
tic be/el. or a long, black, molded 
plastic light shield may be snapped 
onto the aluminum casting. A ruhbei 
viewing hood can l>c fitted into the 
long light shield. With the short bezel 
mounted on the scope, the combina- 
tion becomes the mounting for the 
-hp- Model 197A Camera. Adapters 



are available for other cameras. 

A rack mounting kii is available to 
convert the -hp- Model I SOAR to rac k 
mounting. Height ol the rac k mounted 
unit is only 5i<J inches. The plug-ins 
are to the right of ihe main frame, I'ig. 
17. and all controls remain accessible 

(rom ihe front, 

PROBES 

Two new probes were designed lor 
use with the new scope-. Standard 10:1 




Fig. 17. Hack mounted version of the 
-hp- Model I80A requires only 5>/t 
inches of rack height. 
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Included on the project team for the -hp- Model ISOA (ire. 
front rote left to right, Andi Are. Arthur W. Porter, Floyd 
G. Siegel. William I.. Greih, Christian B. Nagel, Johan J. 
Seerdrup, and Michael D. Johnson. Back row. left to right 
are William J. Mordan. Ilohert E. Hobson. Wayne A. Kohl, 
-John D. Cordon, Milton K. Hussell. lames M . Corner, Dan- 
iel C. Paxton. Jr., Donald I). Sliarke. and James I). Wil- 
liams. Not pictured is Jerry L. Boort:. 



DESIGN LEADERS 





FLOYD G SIEGEL 



JAMES D. WILLIAMS 



passive divider probes ;irc smaller and 
lighter than present probes. Various 
probe tips are available. Another new 
probe contains transistors to couple 
the signal from the tip into the scope. 
This is a unity gain active probe that 
improves sensith itv. 
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neering team pictured in the group 
photo. Electrical design was under the 
direction ol William L, Grein. fames 
I). Williams was in c harge of mechani- 
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design of the -hp- Model 1 97 A Oscillo- 
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Model 140A Oscilloscope. Bill received 
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Colorado in 1960 and joined Hewlett- 
Packard shortly after. He has continued 
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As high frequency engineering section 
manager, Floyd Siegel has been involved 



in the development of the 140A, 141A, 
191A. and 180A Oscilloscopes. Prior to 
his appointment as section manager in 
1963, he was design leader for the 166D 
Sweep Delay Generator Plug-in and the 
175A Oscilloscope. While a protect engi- 
neer on the 160B and 170A Oscillo- 
scopes he was granted patents for an 
off screen beam locator and a delaying/ 
delayed mixed sweep circuit. Floyd grad- 
uated from the University of Utah with 
a BSEE degree in June. 1957 and started 
with Hewlett-Packard in July, 1957. He 
received his MSEE degree from Stanford 
on the -hp- Honors Cooperative Pro- 
gram. 

Jim Williams joined Hewlett Packard 



at Palo Alto in June. 1956 and worked 
part-time in the production test area and 
oscilloscope development lab while at- 
tending school. Subsequent to receiving 
a BSEE degree from San Jose State Col- 
lege he worked on the product design 
for -hp- Models 160B. 170A, and 175A 
Oscilloscopes and the 1781B Sweep De- 
lay Generator and 1754A Four-Channel 
Vertical Plug-ins. Jim transferred to the 
Colorado Springs Division in 1963 where 
he was responsible for the product de- 
sign of the 1421A Time Base and Delay 
Generator Plug in for the 140A Oscillo- 
scope. Currently he is mechanical design 
leader for the 180A Oscilloscope system 
and product design coordinator for the 
high frequency oscilloscope section. 



• 11 • 

© Copr. 1949-1998 Hewlett-Packard Co. 



SPECIFICATIONS 

-hp- 
OSCILLOSCOPE 
MODEL 180A 

180A OSCILLOSCOPE 

HORIZONTAL AMPLIFIER: 

EXTERNAL INPUT: Bandwidth. DC coupled, dc 
to 5 MHz; AC coupled. 5 Hz to 5 MHz. 
Sensitlvity: 1 v/cm, XI: 0.2 v/cm, X5; 0.1 
v/cm, X10; vernier provides continuous ad 
justment between ranges. Dynamic range 
-5 v. 

Input RC: 1 megohm shunted by approxi- 
mately 30 pf. 

SWEEP MAGNIFIER: XI. X5. X10; magnified 
sweep accuracy r.5%. 

CALIBRATOR: 

TYPE: Approximately 1 kHz square wave, 3 /«sec 
rise time. 

VOLTAGE: 2 outputs. 250 mv and 10 v p-p, 

±1%. 

CATHODE-RAY TUBE AND CONTROLS: 

TYPE: Post accelerator tube. 12 kv accelerating 
potential, alumlnized P31 phosphor (P2. P7, 
and Pll available at no extra charge. Specify 
by phosphor number). 

WRITING RATE: (Using HP 197A Camera with 
fl.9 lens and Polaroid* 3000 speed film): P31 
phosphor, approximately 700 cm/jisec. 

GRATICULE: B x 10 cm parallax free internal 
graticule marked in cm squares. 2 mm sub- 
divisions on major axes Front panel recessed 
TRACE ALIGN aligns trace with graticule; 
internal Y-align aligns Ytrace with X trace 
SCALE control Illuminates CRT phosphor for 
viewing with hood or taking photographs. 

BEAM FINDER: Pressing Boam Finder control 
brings trace on CRT screen regardless of 
setting of horizontal, vertical or intensity 
controls 

INTENSITY MODULATION: Approximately | ? v. 
dc to 15 MHz. will blank trace of normal in- 
tensity. Input R. 5.1 kohms. 

ACTIVE COMPONENTS: All solid state (except 
CRT*. 

ENVIRONMENT: 180A Scope with plug-ins oper- 
ates within specs over the following ranges. 
Temperature; -28 to -f65"C. Humidity: to 
95% relative humidity to 40"C- Altitude: to 
15,000 feet Vibration: Vibrated m three 
planes for 15 mm each with 0.010" excursion 
from 10 to 55 Hz. 

POWER: 115 or 230 v, -10%. 50-1000 Hz. 95 
watts at normal line, convection cooled 

DIMENSIONS: Cabinet (overall dimensions with 
feet, handle): 8" x 11" x 22 deep. Rack 
mount: 5V*~ x 19" x 19V4 - deep behind front 
panel. 21'/.-" deep overall. 

WEIGHT (without plug.ns): Model 180A. Net. 
22 lbs. (9.9 kg). Shipping. 30 lbs. (13.5 kg). 
Model 180AR (rack); Net. 25 lbs. (11.3 kg). 
Shipping. 33 lbs. (14,9 kg) 

OUTPUTS: Four emitter follower outputs for 
mam and delayed gates, mam and delayed 
sweeps. Maximum current available, 43 ma 
Outputs will drive impedances down to 1 
kilohm without distortion 

ACCESSORIES FURNISHED: Two Model 10004A 
10:1 voltage divider probes, mesh contrast 
filter, detachable power cord, rack mounting 
hardware (rack only), 

PRICE without plug-ins): Model 180A. $825.00: 
Model 180AR (rack), $900.00. 



1801A DUAL CHANNEL AMPLIFIER 

MODES OF OPERATION: Chan. A alOne; Chan. B 
alone: Chan A and B displayed on alternate 
sweeps: Chan. A and B displayed by switching 
at approximately a 400 kHz rate, with blank- 
ing during switching; Chan A plus Chan B 
(algebraic addition). 

EACH CHANNEL: 

DEFLECTION FACTOR 'Sensitivity); 0 005 v/cm 
to 20 v/cm; vernier extends minimum sensi 
tlvity to 50 v/cm; a sensitivity calibration ad- 
justment for each channel is provided on the 
front panel. 

ATTENUATOR ACCURACY: 

BANDWIDTH (Direct or with probes. 3 db down 
from 8 cm 50 kHz reference signal): DC cou- 
pled, dc to 50 MHz; AC coupled, 2 Hz to 50 
MHz. 

RISE TIME (Direct or with probes): Less than 
7 nsec. with 8 cm input step 

INPUT RC: 1 megohm shunted by approximately 
25 pf. 

MAXIMUM INPUT SIGNAL: AC coupled. 600 
volts peak; DC coupled, 150 v at 5 mv/cm 
Increasing to 350 v at 20 v/cm. 

POLARITY PRESENTATION: | or - Up. select 
able. 

A + B INPUT: 

AMPLIFIER: Bandwidth and sensitivity remain 
unchanged. Either Channel A or B may be 
Inverted to give A - B operation 

DIFFERENTIAL INPUT (A - B): Common mode 
rejection at least 40 db at 5 mv/cm. 20 db on 
other ranges for frequencies up to 1 MHz 
Common mode signal should not exceed an 
amplitude equivalent to 50 cm. 

TRIGGERING: 

MODE: Chan A or Chan B alone, or Chan. A 
plus Chan. B. on the signal displayed; Chan. 
A and Chan B displayed by switching at 
approximately a 400 kHz rate, on Chan. B 
atone; Chan A and B displayed on alternate 
sweeps, on the signal displayed on each chan- 
nel or Chan B alone 

FREQUENCY: Provides sufficient signal to the 
time base for triggering over the range of dc 
to 50 MHz with 0,5 cm p-p signal or more dis 
played on the CRT 

GENERAL: 

WEIGHT: Net. 4 lbs_ (1.8 kg). Shipping. 6'i- lbs. 
(3 kg). 

PRICE: Model 1801A. $650.00. 

1820A TIME BASE 

SWEEP RANGE: 24 ranges. 0.05 iisec/cm to 2 
sec/cm in a 1,2.5 sequence; accuracy, ±3%: 
vernier provides continuous adjustment be- 
tween ranges and extends slowest sweep to at 
least 5 sec/cm; horizontal magnifier expands 
fastest sweep to 5 nsec/cm. 

TRIGGERING: 

INTERNAL: See vertical amplifier plug-in 

EXTERNAL: ric to 50 MHz from signals 0.5 v p-p 
or more increasing to 1 v at 90 MHz. 

AUTOMATIC: Bright base line displayed in ab 
sence of input signal Internal, from 40 Hz. 
see vertical amplifier specification External 
from 40 Hz on signals 0 5 v p-p or more to 
greater than 50 MHz, increasing to 1 v at 90 
MHz. 

TRIGGER POINT AND SLOPE: Controls allow 
selection of level and positive or negative 
slope: trigger level on external sync signal 
adjustable over range of ±5 v, ±50 v in 10 
position. 



COUPLING: AC. DC. ACF: AC attenuates signals 
below approximately 20 Hz: ACF attenuates 
signals below approximately 15 kHz. 

SINGLE SWEEP: Front panel switch provides 
single sweep operation 

VARIABLE HOLDOFF: Permits variation of time 
between sweeps to allow triggering on asym- 
metrical pulse trains. 

WEIGHT: Net. 2V* lbs. f 1.3 kg). Shipping. 5'/« 
lbs. (2,4 kg). 

PRICE: Model 1820A, $475.00 

1821A TIME BASE AND 
DELAY GENERATOR 

MAIN SWEEP: 

RANGE: 22 ranges, 0.1 /isec/cm to 1 sec/cm 
in 1,2.5 sequence; accuracy, ±3%; vernier 
provides continuous adjustment between 
ranges and extends slowest sweep to at least 
2.5 sec/cm: horizontal magnifier expands 
fastest sweep to 10 nsec/cm. 

TRIGGERING: 

Internal: See vertical amplifier plug-in 
External: dc to 50 MHz from signals 0.5 v p-p 
or more increasing to 1 v at 90 MHz 
Automatic: Bright base lino displayed in ab- 
sence of an input signal. Internal, from 40 Hz. 
see vertical amplifier specification External, 
from 40 Hz on signals 0.5 v p-p or more to 
greater than 50 MHz increasing to 1 v at 90 
MHz. 

Trigger point and slope; Controls allow selec 
tion of level and positive and negative slope: 
trigger level on external sync signal adjust- 
able over range of * 5 volts, ' 50 v in — 10 
position 

Coupling: AC. DC. ACF; AC attenuates signals 
below approximately 20 Hz; ACF attenuates 
signals below approximately 15 kH>. 

TRACE INTENSIFICATION: Used for setting up 
delayed or mixed sweep Increases in bright- 
ness that part of main sweep to be expanded 
full screen in delayed sweep or made magni 
fied part of display in mixed sweep. Rotating 
Delayed Sweep time switch from OFF position 
activates intensified mode. 

DELAYED SWEEP: Delayed time base sweeps 
after a time delay set by main sweep and 
delay controls 

RANGE: 18 ranges. 0.1 jisec/cm to 50 msec/cm 
in 1.2,5 sequence; accuracy, ±3%; vernier 
provides continuous adjustment between 
ranges and extends slowest sweep to at least 
125 msec/cm. 

TRIGGERING: Applied to intensified Main, De 
laved and Mixed Sweep modes. 
Automatic: Delayed sweep starts at end of 
delayed period. 

Internal, External, Slope, Level, and Coupling- 
Same as Main Sweep triggering. 

DELAY (before start of delayed sweep): 

Time: Continuously variable from 0 1 *-sec to 
10 sec. 

Accuracy: ±1%; linearity. —0.2%; time jitter 
Is less than 0.005";. of maximum delay of 
each range '1 part in 20,000). 
Trigger Output (at end of delay time), approxi- 
mately 15 v with less than 50 nsec rise time 
from 1 kilohm impedance 

MIXED SWEEP: Dual sweep display in which 
mam sweep drives first portion of display and 
delayed sweep completes display at speeds 
up to 1000 times faster 

SINGLE SWEEP: Any display may be operated in 
Single Sweep 

WEIGHT: Net. 3 1 /* lbs '1,7 kg). Shipping. 6*/ 4 
lbs. (2.8 kg). 

PRICE: Model 1821A. *800.00. 
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WORLD-WIDE TIME SYNCHRONIZATION, 1966 



Time scales maintained at the world's time-keeping centers 
have been correlated with new levels of precision 
in the latest around-the-world flying clock experiment. 



w pki.d-W'IDK SYNCHRONIZATION <>l 
clocks is increasingly important for 
scientific studies requiring coordinated 
action at geographical!) separated 
points. For example, precise lime syn- 
chroni/ation enables better evaluation 
oi the propagation timeoi radio-waves 
between distant points, leading to a 
belter understanding of ionospheric 
activity and other ladors alfecting the 
propagation of radio waves. Satellite 
orbital placement and observation of 
CCttain astronomical phenomena rep- 
resent oilier ac tivities thai benefit from 
precise time synchronization at widely 
separated points. 

In a continuing effort towards in- 



i reasing the precision of lime scale cor- 
relation on a world-wide basis, ibis year 
we again < al l ied cesium-controlled 
clocks to major world time-keeping 
centers fbi precision time comparisons. 

[Wo previous time-comparison ex- 
pel intents' established the feasibility 
ol carrying compact cesium** ontrolled 
■ Imks under continuous operation on 
common conveyances such as tommer- 
i i.d ain rail and automobiles, l he Grsi 
of these experiments arose in connec- 
tion with the 1964 Inteiuaiiou.il Con 

1 Alan S Bagley and Leonard S. Cutler. 'A New Performance 
of the Flying Clock Eioenment.' 'Hewlett-Packard Journal.' 

Vol 15, No. 11. luly, 1964 

> la there N. Boduy 'Correlating lime from Europe to Asia 
will flying Clocks.' 'Hewlett-Packard Journal,' Vol. 16, No. 
8. April. 1965. 




No matter what the mode of trans- 
port, flying docks were kept hi con- 
tinuous operation throughout entire 
trip. Clocks were powered by internal 
batteries when ae line power or auto 
or airplane electrical power was not 
available, -hp- engineers Lee Bodily 
(right J and Hon Hyatt (left) transfer 
clocks at Genera airport. 

ference on Chronometry in Lausanne, 
Switzerland I wo portable dock sys- 
tems, controlled by the newh devel- 
oped -hp- Model 5060A Cesium Beam 

Frequency Standard, were brought to 
the conference in connection with a 
paper piesented bv -hp- engineers Alan 
Bagley and Leonard Cutler. : Arrange- 
ments were made to coiTelale ihe lime 
kept by the clocks with time at the 
U.S. Naval Observatory. The clocks 
were subsequently, compared with the 
ollui.il Swiss time standard and results 
were double i hecked by a second com- 
parison at the Naval Observatory, on 
return to the United States, and also 
at the National Bureau Of Stand. mis. 

This experiment correlated the Swiss 
and United Slates lime scales to an 
accuracy ol aboui I microsecond, cor- 
relation between the two countries pre- 

' Alan S. Bagley ana teonird S. Culler "A Modern Solid 
Slate Cesium Beam Frtouency Standard" Inlernjtiorul Con 
ference on Chronometry. luni 1964. 




Flying clock (below counter) is compared to NBS frequency and 
time scales in "clock room" at Boulder Laboratories of National 
Bureau of Standards. Dr. James Barnes (left), Chief of Atomic 
Frequency and Time Standards at NBS. and -hp- engineer Ld 
Bodily discuss techniques ol time measurement. 
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Bombay 




BOULDER 



Denver 
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-hp- engineers Lee Bodily. Dexter Hurtkr. anil 
flan Hyatt calibrate flying clocks with -hp- 
house standard prior to globe-girdling trip. 



Dr. J. Bonanomi (left). Director of the Ob- 
servatory. Neuchatel, Switzerland, studies data 
obtained in lime comparisons. 



viouslv being known through high fre- 
quency radio signals n> a precision of 
onl\ .ilioui I millisecond. The experi- 
ment also determined the radio propa- 
gation time between NBS Standard 
broadcast station WWV and Switzer- 
land to a toleranc e ol about 200 micro- 
seconds. The measurement was made 
by comparing the time of arrival of 
WWV time ticks in Switzerland, as de- 
termined by the Hying docks, to the 
time of transmission as determined by 
1 1 it- W'W'V mastei dock in Greenbelt, 
Maryland, which subsequently was 
compared to the flying docks. The two 
portable cesium-beam standards also 
provided a means foi comparing the 
long-beam cesium standards at the 
Swiss Laboratory for Horological Re- 
search at Neuchatel and at the Na- 
tional Bureau of Standards at Boulder. 
Colorado. These measurements showed 
an agreement between standards 
within a few parts in 10". 

The high piec ision of these measure- 
ments, coupled with the relative ease 
with which these docks can be trans- 
ported, stimulated requests lor similar 
time and frequency comparisons at sev- 
eral other time-keeping laboratories. 
Ac c ordingly, a living c loc k expei iffleni 
conducted in 1905 by engineers from 
the -bp- Frequenc y and Time Division 
inc hided the major lime and frequency 

standard facilities of Western Europe, 
Canada. Japan, and the United States. 



bringing microsecond precision in time 
comparisons to all ol these facilities. 
Among other results, the experiment 
obtained Ircquency comparisons be- 
tween all foui of i he long-beam cesium 
resonators that serve as national fre- 
quency standards in the western world. 

It also verified the results ol a U.S. 



Xa\ \ lime s\ uc hroni/ation expei iment 
between California and Japan that 
used the satellite Relay 11, and it re- 
peated the comparison between the 
V. S. and Swiss time scales. I bis com- 
parison showed an agreement within 
111 microseconds ol the previous meas- 
urement 273 days earlier. By providing 



TABLE I. FACILITIES VISITED DURING 1966 FLYING-CLOCK 
EXPERIMENT 



PLACE 


FACILITY 


Koganei, Japan 


Standard Broadcast Station JJY 


Tokyo, Japan 


Tokyo Observatory 


Maui, Hawaii 


Standard Broadcast Station WWVH 


Heritmonceux Castle, England 


Royal Greenwich Observatory 


Tcddinglon, England 


National Physical Labs 


Bagneux. France 


National Center for Communication 
Studies (CNET) 


Paris, France 


Paris Observatory 


Stockholm, Sweden 


Swedish Nat'l Defense Research 
Institute 


K(eller, Norway 


Norwegian Air Force Materiel Command 


Copenhagen, Denmark 


Royal Danish Air Force Calibration 
Centre 


Hamburg, Germany 


German Hydrographlc Institute DHI) 


8raunschweig, Germany 


National Bureau of Physics and 
Technology (PTB) 


Neuchatel, Switzerland 


Swiss National Observatory 


Neuchatel, Switzerland 


Swiss Horological Research Lab 


Turin, Italy 


National Electrotechnical Institute 


Milan. Italy 


Astronomical Observatory 


Brussels, Belgium 


Royal Observatory of Belgium 


Brussels, Belgium 


University of Brussels 


Ottawa. Canada 


National Research Council 


Ottawa, Canada 


Dominion Observatory 


Washington. D. C. 


U. S. Naval Observatory 


Greenbelt. Maryland 


U. S. Coast and Geodetic Survey 


Greenbelt. Maryland 


WWV Transmitter Site 


Greenbelt, Maryland 


Goddard Space Flight Center (NASA) 


Boulder, Colorado 


National Bureau of Standards 
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TABLE II. TIME DIFFERENCES BETWEEN TIME-KEEPING 
FACILITIES AND ARBITRARILY-SELECTED REFERENCE 
(-hp- HOUSE STANDARD) 



TABLE III. TIME SCALE COMPARISONS 
1965-1966 
REFERENCE: NBS UA 



Date 


Time (UT 


Facility 


O FT1 pdrlSUil 

()1S) B 


16 May 


1815 


NBS-8. Boulder, Colorado 


-0.36 


16 May 


1920 


WWVH, Maui, Hawaii 


+ 1.03 


17 May 


2241 


Goddard Space Fit. Cn. 


-29.01 




Greenbell, Md. 




18 May 


0945 


Radio Res. Lab. (Japan) 


+ 1472.92 


18 May 


1442 


WWV, Greenbell, Md. 


+ 17.06 


IB May 


1828 


USN Observatory. Wash.. 0. C. 


+ 77.34 


19 May 


2015 


Nat*! Res. Council (Canada) 


+200 487.211 


20 May 


1441 


Dominion Obs. (Canada) 


+0.08 


22 May 


1553 


HBN time ticks, Neuchatel Obs. 
(Switzerland) 


+ 884.0 


25 May 


0737 


Royal Danish Air Force 


-2370.2 


25 May 


0716 


Inst. Electro Tech. (Italy) 


-567.3 


25 May 


1428 


Astro. Observatory (Italy) 


-335.0 


26 May 


0900 


Norwegian A.F. Materiel C'm'd. 


-90 600.8 1 


26 May 


2050 


Swedish Nat'l De«. Lab. 


-373.2 


27 May 


0906 


Centre Nafl d'Et. Tele. (France) 


+ 353.6 


31 May 


0920 


Paris Observatory (France) 


+ 334.8 


1 June 


1025 


Univ. dc Bruxelles (Belgium) 


+2849.6 


1 June 


1414 


Obs. Royal de Belgique 


+ 408 480. 


2 June 


0900 


Deutsche Hydro. Inst. (Germany) 


-36.26 


2 June 


1040 


Nafl Physics Lab. (England) 


+ 496 939.4t 


3 June 


0815 


Phys.-Tech. Bund. (Germany) 


+ 178.7 


3 June 


1325 


Royal Greenwich Obs. (England) 


+ 58.5 


8 June 


1329 


Swiss Standard Broadcast HBG 


+0.02 


9 June 


1030 


Neuchatel Obs. (Switzerland) 


+ 848.9 


13 June 


1726 


WWV, Greenbell, Md. 


+ 3.50 


13 June 


1837 


Goddard Space Fit. Cn. 


-28.82 


14 June 


1515 


USN Observatory, Wash., D. C. 


+ 75.67 


15 June 


0155 


NBS-8, Boulder, Colorado 


-4.93 



Results, determined by flying clocks, have been adjusted to account 
for offset between flying clocks and -hp- House Standard. 

* Plus sign means that visited facility is earlier In time than Heads) 
reference. 

I 200-ms adjustment not made during past year 
t Operates on atomic time (international second). 



Facility 


1965 

Ti 

Date 


ne Dili 


1966 

Time Diff 
Date (/is)® 


Change 

(<cs) 


Radio Research Labs 


17 Feb 


1501 


18 May 


1474 


-27 


Nafl Research Council 


11 Mar 


506 


19 May 


489 


-17 


U. S. Naval Obs. 


13 Mar 


158 


18 May 


79 


-79 


Neuchatel Obs. (TUA) 


5 Mar 


2211(1 


22 May 


2405 | 


194 



I Figures given are adjusted lo account for 500 us retardation of NBS UA on 
15 Apr 66 

I. Includes 1.1 us difference between NBS UA and NBS-8 on 16 May 1966. 

\ Adjusted to account for 200 ms retardation of other time scales during pe- 
riod of comparison. 

j Accounts for time difference between Observatory time scale and HBN 
transmitter licks. 




Dominion Observatory at Ottawa. Canailu. is one «/ major limp-keep- 
ing renters which compared time with flying clock t below table). 



time check; between the -hp- house 
standard and ihe master clock control- 
ling NBS standard broadcasts, the ex- 
periment also confirmed the effective- 
ness of Using V'LF standard broadcasts 
as a means of maintaining accurate 
time once a time correlation has been 
established. 

FLYING CLOCKS 1966 

Continued interest in precise time 
comparisons provided bv the -hp- fly- 
ing i locks led (o :i new and more am- 
bitious experiment. This experiment, 
with higher precision even than before, 
was performed during the months of 
Mav and June of litis year. Portable 
cesium-controlled clocks again were 
used but with refinements that enabled 
a potential measurement resolution of 
0.02 fiS in lime comparisons. As a result 
of the intertomparisons provided bv 
the traveling time standards in the 
company-funded experiment, main la- 
cilities now know with greater preci- 
sion (about (1.1 u.s) how the time of day 



at their installations compares with 
those of other time-keeping centers (see 
[able II). 

The 1966 flying-clock experiment 
also provided additional data for long- 
term comparisons between time scales. 
As shown in Table III. many of the 
time-keeping centers have maintained 
time stales, controlled by independent 
frequency standards, that show a re- 
markably dose correlation with ea<h 
other. 

Among the main mher achievements 
ol ihis year's trip, the living ( lucks pro- 
vided data lor use in radio propagation 
studies being conducted by Mr. Hum 
phry M. Smith <>l the Royal Greenwich 
Observatory, England. At his request, 
time comparisons by [he Hying clocks 
were coordinated at several Facilities 
wild time comparisons made using 
time signals Irom standards broadcast 
stations. 

Another accomplishment of this and 
previous Hying dock experiments was 
the establishmeni uJ an Initial "bench' 



mark' lime reference lor those fat ilities 
that previously have not had access lo 
a pro. ision time reference. As shown bv 
the earlier flying clock experiments, 
once a lime scale has been established 
in this manner it can be maintained in 
i lose agreement with others by contin- 
uous comparison of the relative phase 
of the controlling Frequency with re- 
spect to a low-frequency standards 
broadcast. 

The experiment was a further dem- 
onstration that the portable cesium 
standards are capable of stable opera- 
lion in less than ideal environment, 
lieing subject to frequent movement 
and temperature changes as well as be- 
ing powered I mm a variety ol power 
sources of Questionable stability. 

One (link traveled westward from 
Palo Alto completely around the world 
and the oilier traveled eastward to 1-lu- 
rope and return. The two clocks were 
compared prim to departure, again 
when they met in Switzerland and 
again 011 their return to Palo Alto. 
Over the month-long trip, they accu 
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mutated a relative time difference erf 
less ilinn I microsecond with respei i to 
c.k d other and with respeci to the -dp- 
house standard. This is believed id be 
[he first lime lh,it .1 svstem of dorks, 
two mobile .mil one stationary, main- 
mined time in mutual agreement to 
within one microsecond oi each othei 
hie an entire month ol independent 
operation without lesets or fre<|iien<s 
adjustments. 

The experiment demonstrated an- 
other point: 1 csiinn-henni frequency 
standards have an e\i e|>lionallv high 
degree of sctahility. In the l?"~>"» ex- 
periment, the i csium-hcatn standard; 
in two dinks wi n- .idjiislcd indepen 

deritlj oi one another prior to the 
experiment, and they subsequently 
showed an average lre<|iien(y dilter- 
ence of less than 5 |>atts in |tl u , con 
firming the accuracy oi these instru- 
ments as independent primary statul- 
anls of frequency (specified maximum 
error is 2 parts in 10"). In the 1966 



experiment, the 'O held ol each travel- 
ing standard was adjusted a call ulated 

amount before departure to adjust the 
frequency of each closely to the -dp- 
house standard. Subsequent inlercom- 

parisons between the traveling stand 

aids and the house standard showed 

relative frequency differences of less 



than 3.6 parts in ID" averaged over .11- 
da\ period. 

1966 ITINERARY 

The 1966 Itinerary included most of 
the time and freipieiu y-st.mdard ten- 
ters visited in 1965, as well as several 
that had not hcen visited on previous 



FIRST CESIUM-BEAM RESONATOR 



First cesium-beam resonator (left), developed at National Bureau of 
Standards in Washington, D. C. during 1949-1950 by Dr. Harold 
Lyons. R. H. McCracken, J. E- Sherwood and others still serves for 
experimental work on molecular-beam frequency standards at NBS 
Boulder Laboratories. 

(At right) NBS III is third cesium-beam resonator built at NBS 
(1963). Beam tube (long cylinder at right) has interaction length of 
366 cm: ascribed accuracy is -6 parts in 10 : . NBS III now serves as 
United States Frequency Standard Other long beam resonators are 
now in service at the National Physical Laboratories. England, at the 
National Research Council. Canada, and at the Swiss Laboratory for 
Horological Research, Neuchatel, Switzerland. 
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TABLE IV. COMPARISONS BETWEEN FREQUENCY STANDARDS AND FLYING CLOCKS 



Date 
1966 


Local Standard 


Type 


Time 
Kef 


Comparison Results t 


Remarks 


16 May \ 








-299 97 X 10 », -hp- 9 high 


18 samples, 394 










seconds each 


17 May 








-299.99 X 10 '»,-hp-9high 


12 samples 


15 June (am) > 


NBS III (Boulder) 


366 cm Lab Type 


A 


-299.97 X 10 ">.-hp-9high 


10 samples 


15 June (pm) 








-299.97 X 10 =. -hp- 9 high 


9 samples 


15 June (am) 








— X iu np— o nign 


14 samples 


13 June ipni) / 








?QQ QR v 1ft 1 hn ft hivh 


ft (imn pi 


itf way / 
15 June 








* v in hn Q hifh 


l^.hr phitp 


U. S. Naval Observatory 


12.4 cm Commercial 


UT2 


Less than resolution of meas- 


18-hr. phase 








urement (-hp- 8 -.10 ") 




18 May ^ 








4.98 X 10 -hp- 9 low; 


14-hr. phase 








with corrections: -299.960 






Goddard Space Flight 
Center (NASA) 




UT2 


X 10 ,Q , -np- 9 high 
3.73 X 10 -hp- 9 low; 
with corrections: -299.942 
¥ 10 " —ho— 9 hitr h 


16-hr. phase 


14 June | 








19 May 


Nat'l Res. Council 


-UU cm Lao type 






1 camnlna 7fl 








—hp— 9 low 


seconds each 


19 May 


Dominion Observatory 


1^.4 cm commercial 


U 1 £ 


I .s* X iw . — np— ~s nign 


iv samples, iwv 


(Canada) 








seconds each 


21 May 


RRL (Japan) 


12.4 cm Commercial 


UT2 


3.7 X 10 -hp- 8 high 


24«hr. phase 


26 May 


Norwegian Air Force 


12.4 cm Commercial 


A 


-299.97 X 10 '\ -hp- 9 high 


18-hr. phase 


27 May 


Centre Nat'l d'Etudes 


25 cm Lab Type 


UT2 


1 X 10 ', -hp- low 


1-hr. phase 


Tel. (France) 








29 May 


Swedish Nat'l Def. 


12.4 cm Commercial 


UT2 


4.1 X 10 -hp- 9 high 


69-hr. phase 


Res. Lab. 










31 May 


Observatoire de Paris 
(France) 


25 cm Commercial 


UT2 


1.7 X 10 -hp- 8 high 


2-hr. phase 


2 June 


PTB (Germany) 


Lab Type 


UT2 


1.2 X 10 ", -hp- 8 low 


11-hr. phase 


2 June 


Nat'l Phys. Lab. 


12.4 cm Commercial 


A 


- 300.00 X 10 '* vs -hp- 9 


155-min phase 




(England) 


277 cm Lab Type 


A 


-300.0 ±0.1 X 10 '° 




7 June 








- 300 026 X 10 -hp- 9 low 


13 samples, 10 
minutes each 


8 June 


Swiss Horological 
Research Lab. 


408 cm Lab Typet 


A 


-299.974 X 10 -hp- 9 high 


16 samples, 10 
minutes each 


9 June \ 








-299 921 x 10 -hp- 9 high 


15 samples, 10 
minutes each 



1 *A' refers lo time scale based on international unit of time latomic second) Flying clocks operated on UT2 time, offset from atomic second by 300 
parts in 10> 8 . 

• Frequency offset ■» (f, — f|)/f, where f, and f, are frequencies of traveling and local standards respectively, 
t Adjustments were being made to long-beam standard during this time 





Letter expresses typical response of im- 
portant timrkrrping renters to flying- 
flack visits. This one, from M. Guinot, 
Chief of Time Serciccs at Paris Observ- 
atory, comments on value of flying-clock 
visits to him as Director of Bureau In- 
ternational ile I'Heure in maintaining 
ITffffrnOTflflTtI time signal radio transmis- 
sions (Bureau International ile I'Heure, 
an international body with headquar- 
ters in Paris, annually decides, among 
other functions, offset from interna- 
tional [atomic] time to be applied to 
standards radio stations lo keep them 
in close agreement with UTS). 



(rips. Allogethci, 25 f;ti ililies in 12 dif- 
ferent countries were visited, as listed 
in Table I. As part of lite Royal Green- 
wii It Observatory radio propagation 
Studies, an invitation to visit the facili- 
ties of standard radio station OMA in 
Prague. Czechoslovakia, had been ex- 
tended to the flying-clock sponsors. 
Unfortunately, not enough time was 
available for getting clearance from 
1'. S. authorities, so correlating the 
lime Glides ol I .isiii n ami Western Eu- 
rope could not be included in the 
experiment. 

The I9GG experiment started with 
calibration of the Hying docks to the 
-hp- house Standard in Palo Alto. Two 
of us (Dexter Hartke and Ronald C 
Hyatt) traveled westward with dock 
no. 8 to W W Y'H in Hawaii, then to the 
lokvo Observatory and the Radio Re- 
search Laboratory (Station ||Y) in 
Japan, ami then bv air westward lo a 
meeting with the third member of our 
crew (Lee Bodily) and clock no. 9 in 
New hatel. Switzerland. Cloc k no. '', ac- 
companied by Bodily, had come east- 
ward after Stops at NHS in Boulder. 
Colorado, at the Dominion Observa- 



forj and the National Research Coun- 
cil in Canada, and at the I'.S. Naval 
Observatory and other facilities in 
Washington, D. C. 

From Neuc hatel. clock no. 8 traveled 
to facilities in Italy, France. Belgium, 
and Germany for measurements and 
then returned to Switzerland. Clock no. 
'.) made lime and frequency compari- 
sons in Switzerland, then went to Den- 
mark, Norway, Sweden. England, and 

then back to Switzerland for luithei 
checks. From there, both clocks re- 
turned westward to the diked States, 
with return visits made at the U. S. 
Naval Observatory. Goddard Space 
Flight Center. W'WV, and the Na- 
iion.il Bureau of Standards en route to 
Palo Alto. Calif. These return stops 
"dosed the loop" in the time and fre- 
quency comparisons with national 
standards. 

Measurements made on return to 
Palo Alto showed that clock no. 8 had 
lost only <).f.4 ,is with respect to the 
-hp- house standard, and clock no. 9 
had gained 11.28 „s. The less-than-l-,is 
phase change of the two clocks with 
respect to each other in SI days is 
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Mr. M. Tnhemi and Dr. S. lijima. Acting Director of Time Service, 
Tokyo Observatory , ponder results of comparison provided by fly- 
ing clocks. 



equivalent to a frequency offset of less 
ili.in 3.(i parts in 10". 

EQUIPMENT MODIFICATIONS 

Experience gained in previous 'Hy- 
ing dock' experiments pointed the way 
toward improvements in techniques 
for the 1 9(ifi experiment I'm example, 
the lime-interval plug-ill foi I lie clec- 
tronii counter used in time comparisons 

was modified 10 obtain a measurement 
resolution of 0.02 uS by multiplying 
the basic pulse rate of the counter to 
50-MHz (the measurement consists ol 
totalizing pulses during the interval 
between the one-second "ticks" gener- 
ated b\ one ol the living ( |o( ks and 
those ol the local i lock being com- 
pared). Ibis high resolution enabled 
lime scale comparisons with precisions 
of about o.l »s. In addition, new digi- 
lal c lock c ircuitry, for counting down 
the output of the cesium-beam fre- 
quent y standard to the I-seconcl "ticks!' 
was used. I he new circuitry reduced 
the small amount of phase drift, caused 
by temperature changes, of the earlier 
clock frequency dividers — a drift that 
had not been delectable in the radio 



comparisons lor which the clock orig- 
inally had been designed. 
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LaTHARE N. BODILY 

Lee Bodily |oined -hp- as a devel- 
opment engineer upon graduation from 
Utah State University with an EE De- 
gree in 1956. Initially he worked on 
the 560A Digital Printer, but then was 
assigned to precision oscillator devel 
opment. first on the 524 C/D 10 MHz 
Counter time bases and then as proj- 
ect leader for the 100E. 101A. 106A 
and 107 Quartz Oscillators and on the 
5245L 50-MHz Counter time base. He 
also contributed to the 103A and 104A 
Quartz Oscillators and developed the 
quartz oscillator 'flywheel' for the 
5060A Cesium-Beam Frequency Stand- 
ard. He is now section leader of the Fre- 
quency Standards Group with response 
bility for both quartz and atomic 
frequency standard development. Lee 
earned his MSEE degree at Stanford in 




DEXTER HARTKE 

the -hp- Honors Cooperative Program 
and has done further graduate study 
toward the degree of Electrical Engi- 
neer. 

Dexter Hartke joined Hewlett-Pack- 
ard in 1950 following graduation from 
the University of California (BSEE). 
Initially he worked on the 512A/B Fre- 
quency Converters for the 524A 10- 
MHz Counter and then on the plug-in 
vJrsions for the 524 B/C/D Counters 
and for the 5245L 50-MHz Counter. He 
also worked on the 524B Counter and 
was proiect leader on the 540A/B 
Transfer Oscillators. Dex has been re- 
sponsible for both the 113A and 115- 
A/B/C Frequency Divider and Clocks, 
the 724A/B and 725B Standby Power 
Supplies, and the 117A VLF compara 
tors. He continues to work on projects 




RONALD C HYATT 

related to time measurement. 

Ron Hyatt earned his BSEE degree 
at Texas Technological College and 
from there he went to Stanford Uni- 
versity where he worked as a teaching 
assistant while earning his Masters de- 
gree, which he obtained in 1963. He 
has also completed course work to- 
wards an EE degree. While attending 
college. Ron did summer work In cir- 
cuit analysis for an aircraft company. 

Ron |0ined Hewlett-Packard in 1964 
and worked on the frequency synthe- 
sizer portion of the 5060A Cesium 
Beam Frequency Standard. He also de 
veloped the experimental digital divid- 
ers used in this year's flying clock 
experiment and at present he is work- 
ing on further cesium-beam frequency 
standard developments. 
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Drs. S. I*cschiuttu anil E. 
Angelotti of the National 
Electro Technical Institute, 
Milan. Italy, study meas- 
urement of frequency-com- 
parison between flying 
clock and Italian national 
frequency standard. 



ity for maintaining Rational time and 
frequency standards. They design and 
construct long-beam cesium standards 
and other esoteric instrumentation of 
high precision in spite of the fact that 

most operate on limited budgets. As 

was true of (he two previous -bp- living 
clock experiments, all facilities visited 
were most anxious in lie included in 
the llying-clock iiinerarv and were most 
helpful in arranging for the measurc- 
inents. 

— LaThare N. Bodily, 
Dextei Hartke, and 
Ronald C. Hyatt 



THE 
BENCHMARK 

Any of several time scales 
and frequency standards could 
have been used for the basic 
reference during the 1966 fly- 
ing clock experiment. For con- 
venience, the —hp— House 
Standard was chosen but re- 
sults have shown this standard 
to be among the most accurate 
in the world and thus well- 
suited as a "benchmark" for 
time and frequency compar- 
isons. 

The basic reference within 
the -hp- House Standard is 
the -hp- Model 5060A Cesium 
Beam Frequency Standard 
shown here being checked by 
James Marshall, head of the 
Radio Frequency Section in the 
-hp- Measurement Standards 
Lab in Palo Alto, who is respon- 
sible for the -hp- House 
Standard. The output of the 
Cesium Beam Standard is com- 
pared in phase continuously 
against NBS Standards Sta- 
tions WWVB and WWVL by the 
VLF Comparators at lower right. 
Continuous comparison since 
this Cesium Beam Standard 
was put into service last Jan- 
uary enables its relationship 
to the United States Frequency 
Standard to be known within 
parts in 10". The standard is 
also compared to two of the 
Navy VI F stations by the VLF 
receivers, shown to the left of 
the main rack. 
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The clock mechanism imme- 
diately above the Cesium 
Standard integrates the Cesium 
Standard output to show any 
accumulated phase error. 

The house working frequency 
standard is the —hp— Model 
107A Quartz Oscillator, imme 
diately below the Cesium Beam 
Standard. This oscillator has 
the high short-term stability de- 
sired for a working standard 
and since it has been in con- 
tinuous operation for three 



years, it has aged to the point 
that its drift rate is only I x 
10 " per day. The phases of the 
Quartz and Cesium Beam 
Standards are compared con- 
tinuously by the instruments at 
right upper and corrections are 
made daily to the Quartz Stand- 
ard to maintain it within 5 parts 
in 10" of the Cesium Standard 
during working hours. The out- 
put of the quartz oscillator is 
distributed throughout the 
-hp— plant in Palo Alto. 



The —hp— working time 
standard is the —hp— Model 
106A Quartz Oscillator and the 
Digital Clock above the Cesium 
Standard. Separation of the 
working time and frequency 
standards allows corrections to 
be made to the working fre- 
quency standard without ac- 
counting for accumulated 
phase error. The working time 
standard is maintained within 
a few ,,s of the NBS UA time 
scale by continuous compari- 
sons of the Quartz Oscillator 
frequency against WWVB and 
WWVL and against the Cesium 
Beam Standard. The NBS UA 
time scale is a variable time 
scale offset from NBS A (an 
atomic time scale based on the 
U. S. Frequency Standard) by 
the currently accepted value 
published by the Bureau Inter- 
national de I'Heure. 

A standby quartz oscillator 
and a standby cesium-beam 
standard (a prototype unit), be- 
low the working quartz stand- 
ard, prevent loss of either time 
or phase information should 
any of the primary units drop 
out of service (all units are fail- 
safe in that any transient con- 
dition that could cause a jump 
in phase or time immediately 
shuts down the unit affect- 
ed). All frequency standards 
and oscillators are operated 
from standby power supplies 
which provide battery power to 
assure continuity of operation 
in the event that ac line power 
is inleiiupted. 
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